Introduction: Psoriasis is a chronic, psycho-dermatological condition. Psychological factors can trigger and/or exacerbate skin lesion. Relapse of disease can be a source of stress and can worsen the patient's Quality of Life. Coping with psoriasis can create stress. This can become a vicious cycle. Aim: To illustrate the connection between quality of life and coping strategies in a psoriasis patient group and to describe a methodology for identifying the risk group of patients who need immediate attention in terms of developing better coping strategies. Material and methods: Fifty patients with psoriasis were enrolled in the study. The severity of psoriasis was assessed by the Psoriasis Area and Severity Index (PASI), the Dermatology Life Quality Index (DLQI) was used for quality of life assessment, and the COPE questionnaire was used for determination of coping strategies used by psoriasis patients. Results: The results of the study indicate the relationship between quality of life and coping strategies. In patients with coping < 140 and at least elementary education, psoriasis disease is most likely to have an extremely large effect on quality of life as measured by the DLQI score being above 21. Conclusions: Psoriasis is a distressing disorder that significantly impairs quality of life. There is a close link between quality of life and coping strategies. This study illustrates a methodology for identification of a risk group of patients with a highly decreased quality of life indicator and underdeveloped coping strategies. Future management of psoriasis may require involvement of multidisciplinary teams that help patients to manage the physical and psychological aspects of psoriasis.
Introduction
Psoriasis is a chronic, scaling inflammatory skin disease that affects approximately 1.5-2% of the world population [1] . Psoriasis has a significant negative impact on the patient's quality of life [2] . It has a detrimental effect on quality of life, which is comparable to that of ischemic disease, diabetes, depression and cancer [3] . Depending on the severity and location of outbreaks, individuals may experience significant physical discomfort and some disability [4] . It can give rise to negative reactions and avoidance of such patients by the social environment, ultimately affecting the mental state of the patient [5] . Psychological distress can lead to significant depression and social isolation; a high rate of suicidal ideation has been associated with psoriasis [6] .
Psoriasis-related daily stress represents the chronic, recurrent, low-grade stress and hassles that occur largely as a result of having to live with a chronic, disfiguring disease. Stressful life events constitute a major risk of occurrence and recurrence, aggravating the severity of the disease and duration of symptoms. Anxiety and depression can worsen the condition or cause resistance to treatment.
Psychological distress is frequent among dermatological patients. The relationship between psychiatry and dermatology is often very complex [7] . Patients with psoriasis are focused more now than ever on finding solutions to these challenges, so they use coping strategies to invest own conscious effort, to solve personal and interpersonal problems in order to try to master, minimize or tolerate stress [8] . The effectiveness of the coping effort depends on the type of stress, the individual and circumstances. Maladaptive coping strategies can worsen the stress. There is similarity in the frequency of use of specific coping strategies between patients with psoriasis and patients with other medical conditions, such as spinal cord injury, atrial fibrillation and cancer [9] . Greater mental stress in psoriasis patients is induced by stigma, which is more expressed in psoriasis patients compared with other skin diseases [10, 11] .
Aim
While coping strategies and the psychological condition of psoriasis patients have been referenced by a number of studies, still no clear relationship between coping with psoriasis and quality of life has been identified. The aim of this study was to illustrate the connection between quality of life and coping strategies in the psoriasis patient group and to describe a methodology for identifying the risk group of patients that need immediate attention in terms of developing better coping strategies.
Material and methods
The study was conducted between February 2016 and November 2017. This was a questionnaire-based study of patients by attendance at a clinic at the Dermatology Department (National Centre of Dermatology and Venereology, Tbilisi, Georgia). The study received ethical approval from the local ethic committee.
All patients received printed information and provided their written informed consent for the management of personal data before participating in the study.
Inclusion criteria: 1. Aged 18 years old or over. 2. A clinical diagnosis of severe psoriasis confirmed by a dermatologist, including of psoriatic arthritis and nail involvement.
3. PASI score > 10. 4. Formal consent to take part in the study. Exclusion criteria: 1. Age less than 18 years.
A diagnosis inconsistent with the clinical signs and
symptoms of severe psoriasis, as well guttate, erythrodermic or pustular psoriasis. 3. Patients attending psychiatric consultation and treatment with psychotropic drugs.
The study included 50 patients with a diagnosis of severe psoriasis (PASI score > 10). Patients were asked about their symptoms, to ensure they satisfied the clinical criteria for severe psoriasis. The following data were also captured at interview: current age, education, marital status, total duration of disease (years). All patients were assigned to the Caucasian ethnic group. In addition, patients were asked to confirm treatments received for their severe psoriasis (e.g. topical and oral therapies, phototherapy). Social and educational profile of the patients together with disease characteristics such as duration of disease and PASI score are presented in Table 1 .
Further methods of patient analysis included: 1. Psoriasis Area and Severity Index (PASI); the most widely used tool to assess psoriasis severity in clinical trials, PASI reflects not only the body surface area, but also erythema, induration and scaling [12] . The total PASI score ranged from 0 to 72 points. Psoriasis was classified as severe when the PASI score was > 10 points [13] . PASI score < 10 defines psoriasis as mild and may not be yet affecting the patient's quality of life in a sufficient way to reveal a connection with disease coping strategies [14] .
Dermatology Life Quality Index (DLQI) -a validated
Georgian version was used for quality of life assessment. The DLQI is a validated, 10-question, self-reported questionnaire to evaluate the patient's perception of the impact of psoriasis on quality of life [15, 16] . The DLQI questionnaire was divided into 6 commonly identified categories. The DLQI was rated on a 4-point scale (0 = not at all to 3 = very much). The highest possible total score for the DLQI is 30 and higher scores indicate more severe impact on quality of life [17] . 3. Coping Strategies Questionnaires (COPE) -which was developed to assess a broad range of coping responses. Like the DLQI questionnaire, the COPE was rated on a 4-point scale (1 = I usually don't do this at all to 4 = I usually do this a lot). Results from the Coping Strategies Questionnaire identified 15 different categories according to the complete version of COPE by Carver et al. [18] .
Statistical analysis
Study analysis was conducted in the statistical programming language R and its integrated development environment RStudio. Supplementary materials contain all necessary data including R codes that can easily be used to replicate the results of the study. Statistical methods used include Cronbach's α for measures of internal consistency of the questionnaire, Wilcoxon's test for hypothesis testing on paired-sample data, and finally, classification trees and regression analysis for predictions of DLQI scores based on the overall profile of patients and their strategies for coping with disease.
Results
Within the group of 50 patients participating in the study, 62% experienced psoriasis having a very large effect on the quality of life and 32% experienced it having an extremely large effect. A summary of effects on the patients' life and DLQI measures obtained from the questionnaire is presented in Figure 1 .
A paired difference test was conducted for comparative analysis of results from questionnaires using Wilcoxon's test for matched pairs. For matching purposes, answers to the questionnaire on disease coping strategies were adapted to the same scale and relevance as measures of DLQI score (from lowest 0 to highest 3). Based on Wilcoxon's test results, the difference between the patients' overall score of DLQI and coping is less than 0.33 with a p-value of 0.04029. This result suggests that patient coping is related to quality of life as measured by the DLQI score.
For further confidence regarding the reliability of the obtained results, internal consistency of questionnaires (DLQI and COPE) was computed by Cronbach's α measure. The reliability coefficient (standardized α) based on the correlations resulted in 66%. In addition, explained variance amounted to 77% as given by Guttman's l6 (G6) coefficient, while generally accepted cut-off rates for Cronbach's standardized α and Guttman's l coefficients are 60% and 70%, respectively. Based on internal consistency and Wilcoxon's test results, it becomes further interesting to identify more specific relationships between quality of life within psoriasis patients and their overall profile characteristics as well as individual strategies for coping with disease.
A repeated process of binary recursive partitioning was used to identify the most relevant variables (characteristics of the patients) to be used in prediction of DLQI scores. As a result, classification (regression) trees were built as predictive models (decision trees) that result in DLQI score based on different characteristics of a patient. Decision trees were built to predict DLQI scores based on two types of data obtained in the study: the first type included the overall profile and total coping score of the patient; the second type included disease coping strategies. Resultant decision trees are illustrated in Figure 2 .
Regression tree identified the following variables as relevant: "Coping score", "PASI score", "Age of disease", and "Marital status" for the first data type (Figure 2 A) and "Emotional and social support", "Mental health", "Positivity and growth", and "Planning" for the second data type (Figure 2 B) . In addition, Breiman's random forest algorithm was used to simulate 500 regression trees shown in Figure 2 (for both types of data). Random forest algorithm identified regression parameters that have the most explanatory power using a random sampling procedure and construction of a collection of decision trees with controlled variance. Explanatory power of a variable was measured by both the largest reduction in impurity and the smallest mean squared error (MSE) coefficient. Figure 3 illustrates the hierarchy of variables by their explanatory power.
It is suggested to use first three most explanatory variables to build regression models for prediction of DLQI scores. The random forest algorithm uses "Coping score", "Education" and "Marital status" from the first type of data set, and "Mental health", "Positivity and growth", and "Emotional and social support" from the second type of data set. Based on results from Figure 3 , multiple regression analyses were conducted using dummy coefficients for categorical variables such as "Education" and "Marital status". A summary of the results from multiple regression on DLQI score as a dependent variable and independent variables from both types of data sets is given in Figure 4 .
It is important to understand that overall coping score is negatively related to predicted DLQI score. Therefore, patients who employ coping strategies more are expected to receive a lower DLQI score and have better quality of life. Namely, overall coping score of a patient has regression coefficient of 0.07792 and a p-value of 8.08%, followed by "Education" coefficients of around 32 and p-values very close to zero. Even though "Marital status" also has negative regression coefficients, its From the second data type, regression results showed that "Mental health" of the patient has the greatest significance in prediction of DLQI score with a coefficient of 1.35021 and a p-value being close to 0. Following "Mental health" is patient's "Positivity and growth" condition with a regression coefficient of 0.46629 and p-value of 10.7%. Patient's "Emotional and social support" coefficient has very little effect (regression coefficient) in prediction of DLQI score with a p-value of 76.7% that does not suggest any statistical significance.
Discussion
The main goal of the research was to illustrate the connection between psoriasis patients' disease coping strategies and their quality of life. The relationship between these two measures determines psoriasis patients that experience greater negative effects on quality of life and hence require urgent attention to developing necessary coping skills.
The hypothesis that the average scores of disease coping strategies and quality of life are not significantly different was tested as a first step in developing the relationship between these two. With the 95% confidence interval on a scale from 0 to 3 the matched pair hypothesis test suggests that the population true difference is less than 0.33. This difference seems to be small on a scale from 0 to 3 but it still can be argued to be significant due to averaging, possible sampling errors, inefficient standardization, etc. It can also be argued that the hypothesis test result is not enough proof for concluding that there is a strong or any linear relationship between the two data sets.
Nevertheless, hypothesis testing concludes that average scores obtained from questionnaires on coping strategies and quality of life are close to each other. Now, it might be interesting to check how consistent the patients' responses to these questionnaires were -in other words, to check whether the responses follow similar patterns when compared to DLQI scores to understand whether patients responded adequately and sincerely to most of the questions with full understanding of their context.
Due to the categorical nature of questions an internal consistency test is an alternative to linear relationship measures such as correlation. One of the most widely used measures of internal consistency and reliability of the questionnaire is Cronbach's α, which resulted in a consistency level above 65% and explained variance of the responses above 75%. Cronbach's α for each category of the responses can be found in the supplementary materials. Satisfactory values indicated that the responses were adequate and consistent. This in turn enables us to continue the analysis of the linear relationship and to attempt to predict quality of life in patients based on their profile characteristics. Decision trees in Figure 2 illustrate an example of a prediction model. This model predicts that the patients with a coping score above 171 will have a DLQI score of around 10, thus qualifying them into the category of having a moderate effect on the quality of life. However, for patients with a coping score below 171, the DLQI score will depend on other characteristics such as PASI score, marital status, education, and duration of disease.
If the patient's coping score is less than 171, the PASI score is above 17, and the patient is either married or single, the DLQI score is predicted to be about 20, while if the patient is divorced or widowed, the DLQI score is predicted to be higher, up to 23. This result suggests that, Figure 4 . Results from multiple regression analysis conducted on DLQI score prediction other things being equal, patients who experienced loss of a spouse or are divorced have lower quality of life than patients who are married or single. On the other hand, married patients with a coping score less than 171, a PASI score between 15 and 17, and duration of disease above 5.5 years have a predicted higher DLQI score (above 22), as opposed to single, divorced or widowed patients with a predicted lower DLQI score (up to 18). One can conclude that married patients with longer duration of disease have more trouble in fulfilling social responsibilities than single, divorced or widowed patients. With the same characteristics, if duration of disease is less than 5.5 years, the DLQI score is predicted to be about 17 regardless of marital status.
Following the same set of analyses, one can predict the DLQI score based on patient scores in different disease coping strategies. From Figure 2 B it can be deduced that the patients coping with disease using "Emotional and social support" (> 12) and "Positivity and growth" (> 10) have a lower DLQI score and thus better quality of life. For the patients with "Emotional and social support" (< 12) the prediction of DLQI score depends on a combination of "Mental health", "Planning", and "Positivity and growth" strategies.
Regression analysis helps to identify patients' DLQI score based on overall profile characteristics and disease coping strategies. Based on regression results and selecting only statistically significant variables (having a p-value < 11%), regression equations are given: DLQI = -0.08 × Coping + 31.78 × Elementary + 33.7 × Higher + 32.05 × High school; DLQI = 1.35 × Mental health + 0.47 × Positivity and growth.
Using regression equations, it is easy to calculate that patients with a total coping score less than 140 or patients with "Mental health" more than 16 will have a DLQI score above 21. This would fall into the category of patients whose quality of life is extremely affected by psoriasis. These patients require immediate attention and skills training for them to better cope with the disease.
In conclusion, the results of the study indicate that for patients with lower coping scores (< 140) the disease is most likely to have an extremely large effect on the quality of life as measured by the DLQI score (> 21). The same is true for the patients with underdeveloped disease coping strategies or a wrong mix of them. The results of the study indicate that psoriasis patients who suffer most considering their quality of life require more training in an efficient mix of coping strategies in the categories of "Emotional and social support", "Positivity and growth", "Mental health" and "Planning".
